annually from 1998 to 2008, whereas autologous reconstructions decreased by 5% per year. 1 Immediate reconstructions, mostly implant based, also increased by 5% yearly, with a near-doubling reported in a Surveillance, Epidemiology, End-Results database analysis. 2 Associated with this trend, a growing incidence of elective mastectomy and contralateral prophylactic surgery in lieu of breast conservation has been described in several large studies. 3, 4 Implant-based reconstructions are often an attractive option for patients and practitioners. Primary implant reconstructions are generally less technically challenging, requiring less intraoperative time, with more favorable insurance reimbursement when compared to autologous reconstructions. 1 More rapid postoperative recovery and avoidance of donor site morbidity are also reasons that may help explain the greater number of practices offering only implant-based reconstruction versus the full spectrum of autologous reconstructions and microvascular free flaps. 5 However, breast implants have negative implications. Over time, implant-based reconstructions can develop capsular contracture, rippling, implant migration, asymmetry, and implant rupture. 6 In contrast, autologous reconstructions age more naturally with the patient and may even look better over time. Recent investigations into patient education protocols have demonstrated a greater proportion of patients with a stated preference for autologous repairs in clinical settings. 7 For revision reconstructions of previous implant-based repairs, various modalities are used including autologous tissue transfer, fat grafting, implant exchange, and placement of acellular dermal matrix. The use of microvascular techniques and specifically, deep inferior epigastric artery perforator (DIEP) flaps for revision reconstruction is also well documented. 8, 9 In various contexts, microsurgical free flaps are associated with high patient satisfaction and favorable aesthetic outcomes. [10] [11] [12] The effect has been that practices offering free flap expertise have evolved into referral hubs for all types of breast therapy. 13 Characterizing these practices can help us understand the recent impact of changing patients' preferences for primary reconstruction and emerging strategies for revision reconstruction.
OBJECTIVE
The objective of this paper was to analyze breast reconstruction practices of academic plastic surgeons using the Faculty Practice Solutions Center (FPSC) database. The University Health Consortium-Association of American Medical Colleges maintains the FPSC database, which contains comprehensive coding and billing data from 90 academic medical centers (comprising more than two thirds of qualifying institutions), encompassing all procedures performed at these facilities for all payer types in both inpatient and outpatient settings by individual specialty. Roughly 300 plastic surgeons (full-time, part-time, and adjunct faculty) are represented. Previously, the FPSC database has been used to characterize practice patterns of other surgical specialties. 14, 15 
MATERIALS AND METHODS
Annual data for defined breast procedures [current procedural terminology codes : 19316, 19318, 19324, 19325, 19328, 19330, 19340, 19342, 19350, 19355, 19357, 19361, 19364, 19366, 19367, 19369, 19370, 19371, 19380, and 19399] 
RESULTS
From 2007 to 2013, an overall 2-fold increase in the total number of breast reconstructions procedures was observed (from a mean of 45.3 -94.2 procedures per surgeon) ( Table 1) . All 3 categories, implant, autologous, and miscellaneous types of reconstruction, demonstrated a rise during this period. Implant-based reconstructions increased from 28.9 to 44.6 procedures per surgeon, autologous reconstructions increased from 11.4 to 19.3, and miscellaneous reconstruction, which includes revision reconstructions, increased from 5.0 to 30.3. Most implant-based reconstructions in more recent years involved the use of tissue expanders, with the highest reported mean of 27.1 procedures per surgeon in 2013. The autologous reconstruction category, previously dominated by latissimus flaps, was more recently comprised primarily of microvascular free flap repairs with the highest reported mean of 12.5 procedures per surgeon in 2013. The miscellaneous category in Table 1 includes revision reconstructions and reconstructions using other techniques without specific designation of implant-based or autologous methods in each. In more recent years, from 2010 to 2013, the number of revision reconstructions increased from 14.9 to 22.1 procedures per surgeon and comprised 20% to 25% of the total breast reconstruction procedures overall. Supercharged TRAM with microvascular anastomosis (CPT 19368) failed to reach a notable threshold (at least one half procedure per surgeon) throughout the study period and was therefore not included in the present analysis.
The rise in both implant-based reconstructions and autologous reconstructions over this period was constant, with a preserved 2.5:1 ratio between the 2 categories each year ( Table 2 ). Compared to reconstructions overall, the proportion of primary implant and autologous reconstruction procedures seemed to be declining, since revision and other types of reconstructions were on the rise. Miscellaneous reconstructions comprised 11% of all reconstructions in 2007 versus 32% in 2013. In autologous reconstruction, microsurgical free flaps supplanted latissimus flaps as the favored modality and comprised 13 to 14% of breast reconstruction cases overall from 2011 to 2013. From 2007-2009, additional centers were added to the database, which contributed to some early discrepancies in the reported data.
Cross-referencing available NIS data from all medical centers, the predominant rise in microvascular breast reconstruction was seen in DIEP flaps and free TRAM flaps, which comprised 63% and 29% of free flap reconstructions, respectively in 2013 (Table 3 ). In 2008, free TRAM flap was the most popular modality for free flap breast reconstruction and comprised more than half of all cases. However, in more recent years, DIEP emerged as the preferred modality by a wide margin. Superficial inferior epigastric artery, gluteal artery perforator, and other perforator flaps remained least popular, contributing single-digit percentages to annual totals. The mean wRVU generated by breast plastic surgery procedures increased from 2010.1 in 2007 to 2455.1 ( Table 4 ) in 2013. Breast reconstruction comprised one third of total wRVUs in 2007 but more than two thirds of wRVUs in 2013. This change represented a greater than 2fold increase from 678.5 wRVU per surgeon in 2007 to 1661.1 in 2013. From 2011 to 2013, the proportion of wRVU generated from implant reconstruction and autologous reconstruction were quite similar, with only 3% difference between the 2 categories annually, in relation to the total. Breast reductions constituted 15% of wRVUs in 2013 and as high as 20% in 2010; whereas augmentation, nipple-areola complex reconstruction, and other breast procedures (such as mastopexy, capsulotomy, capsulectomy, and implant removal) demonstrated relative decline, contributing single-digit percentages to the overall total in more recent years.
DISCUSSION
In comparison to other data sets, the FPSC helps evaluate specialty academic practices using procedure-specific CPT codes instead of diagnosis-specific International Classification of Diseases, Ninth Revision codes from insurance providers. The effect is that billed procedures are not excluded based on payer type, diagnosis, or inpatient/outpatient status, offering the most precise measure of clinical activity of member academic institutions. The limitation of the FPSC data set, as previously mentioned, is that less representative data points emerged from earlier years when centers were added.
Several notable trends in breast reconstruction have been reported in previous studies, mainly the ongoing rise in implant-based reconstruction, and continued popular use of latissimus flaps for autologous reconstruction. 1, 2, 16 Although the present study confirms that implant-based reconstructions are still the preferred method for primary reconstruction in academic institutions, the trend toward their increasing use year to year has tapered. The most notable finding of the present study is the prominence of microsurgical reconstruction and revision reconstruction in academic settings (Fig. 1) . Several factors may be influencing these practice patterns.
First, as a nature of their practice, academic plastic surgeons have a responsibility to train residents in the full gamut of reconstructive options and may be more inclined to follow clinical evidence that supports microsurgical techniques in various applications, despite diminishing financial incentive to the institution. Several studies examining the long-term results for implant-based reconstructions versus autologous reconstructions have found that aesthetic results are better with autologous tissue, with less overall cost to insurance payers if revision procedures are taken into account. 17, 18 However, surgical practices are not directly rewarded for their up-front investments in these cases.
Second, whereas some rise in revisions may be explained by changes in CPT coding, evolving practice patterns are the main contributor. We surmise that the stark rise in breast reconstructions in the past 2 decades and improved disease-free survival patients with in breast cancer have produced more cases of late complication of earlier implants requiring revisions and touch-up. Moreover, popularized use of acellular dermal matrix and fat grafting may also lead to increased efforts to nurse aging implants along explaining the rise in coding and billing for revision and miscellaneous reconstructions. 19, 20 Although the financial incentive for primary autologous reconstructions remains relatively poor compared to implant-based reconstructions, medical centers offering the full range of reconstructions may experience an influx of new patients to their respective medical and surgical oncology practices, indirectly offsetting costs. Some centers have also been able to negotiate better reimbursement from insurance carriers for microsurgical reconstruction, and better remuneration for their surgeons. 21 The decrease in augmentation (7%-4%) and mastopexy (32%-4%) procedures from 2007 to 2013 is further evidence suggesting the proportion of self-payers is declining in the current economy and academic plastic surgery practices have reoriented their efforts toward more insurance-based procedures, such as breast reduction and reconstruction. The authors predict in the coming years that a continued rise in microsurgical breast reconstruction will be triggered by a growing public awareness and demand for the full breath of breast reconstruction options and a better understanding of the true total cost for breast reconstruction and its subsequent maintenance. Whereas there are many private practitioners capable of providing these microsurgical services, larger academic medical centers will likely be the ones who will continue to provide these resource-intensive procedures and thus uniquely positioned to negotiate more favorable reimbursements from insurance providers. 22, 23 
CONCLUSIONS
In contrast to national trends demonstrating increases in implantbased reconstruction and declines in autologous reconstruction, university-based plastic surgeons' breast reconstructive practices differ. Implant-based breast reconstructions, showing considerable rise in previous years, have plateaued, reaching a steady state in many academic practices. Microsurgical free flaps, and specifically DIEP repairs, predominate autologous breast reconstructions and continue to rise in popularity. Revision procedures now comprise a quarter of all breast reconstructions at academic facilities, highlighting their growing importance. Insurance-based procedures like breast reconstruction and reduction have mostly replaced self-pay procedures, such as breast augmentation and mastopexy, highlighting the changing practice of academic plastic surgeons in the current health care climate.
